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(54) Multilayer capacitor 

(57) First and second external terminal electrodes 
(38, 39) are formed on the same principal surface (37) 
of a capacitor main body. The connection between first 
Internal electrodes in the capacitor main body (35), the 
first external terminal electrode (38) and the mutual con- 
nection between the plurality of first internal electrodes 
is achieved by a first connection portion. The connec- 
tion between second internal electrodes, the second 
external terminal electrode (39) and the mutual connec- 



tion between the plurality of second internal electrodes 
is achieved by a second connection portion. The first 
and second connection portions are ananged alter- 
nately. Currents flow through the connection portions in 
opposite directions with the result that components of 
magnetic flux generated by such currents are cancelled 
and the ESL is reduced. 
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Description 

BACKGROUND OF THE INVENTION 

5 1 . Reld of the Invention 

[0001] The present invention relates to a multilayer capacitor and, more particularly, to a multilayer capacitor which 
can be advantageously used in high frequency circuits. 

10 2. Description of the Related Art 

[0002] Fig. 7 shows a schematic sectional view of a typical prior art multilayer capacitor 1 which includes a main body 
5 having a plurality of ceramic dielectric material layers 2 stacked one on top of the other. A set of first internal elec- 
trodes 3 and a set of second internal electrodes 4 are an^anged alternately, with a respective dielectric material layer 2 

15 located between adjacent pairs of electrodes 3 and 4 to form a plurality of capacitor units. 

[0003] Each of the first internal electrodes 3 is electrically coupled to a first external terminal electrode 8 formed on a 
first end face 6 of the main body 5. Each of the second internal electrodes 4 is electrically coupled to a second external 
electrode 9 formed on a second end surface 7 of main body 5. As a result, the electrostatic capacities respectively pro- 
vided by the plurality of capacitor units are connected in parallel by the first and second external terminal electrodes 8 

20 and 9. 

[0004] The multilayer capacitor 1 shown in Fig. 7 exhibits a problem which is discussed below. 
[0005] Fig. 9 is a schematic sectional plan view showing one of the electrodes 3 of Rg. 7. In this figure, arrows indicate 
the path and direction of typical currents 22 which flow in each of the first internal electrodes 3 of the multilayer capacitor 
1 . In the state shown (the directions of the currents alternate over time when an AC signal is applied to the capacitor), 
25 the currents 22 flow from the second external electrode 9 to the second internal electrodes 4 (not shown in Fig. 9), ver- 
tically to the first internal electrodes 3 through the dielectric material layers 2 and then to the first external terminal elec- 
trode 8 through the first internal electrodes 3. There is a general flow of currents in both internal electrodes 3 and 4 from 
right to left, i.e., in the same direction, as seen in Fig. 9. 

[0006] As is well known, the current 22 induces a magnetic flux in a direction determined by the direction of the current 
30 22, thereby producing a self -inductance component. Since the currents 22 flow in the longitudinal direction of the inter- 
nal electrodes 3, the multilayer capacitor 1 produces relatively high equivalent series inductance (ESL) and may fail to 
function property in a high frequency band when it is used as a decoupling capacitor or bypass capacitor. 
[0007] This problem is partly overcome using the structure shown schematically in Fig. 8. This structure is described 
in Japanese unexamined patent publication No. H7-201651 . 
35 [0008] Like the multilayer capacitor 1 shown in Fig. 7, the multilayer capacitor 1 1 includes a main body 15 having a 
plurality of dielectric material layers 12 stacked one on top of the other. A plurality of first internal electrodes 13 and a 
plurality of second internal electrodes 14 are arranged on respective dielectric material layers 12 to form pairs of over- 
lapping electrodes, each pair of overlapping electrodes being separated by a respective dielectric material layer 12 such 
that a plurality of capacitor units are formed. 
40 [0009] In this multilayer capacitor 1 1 . first and second external terminal electrodes 1 8 and 1 9 are formed, respectively, 
on first and second principal surfaces 16 and 17 extending in parallel with the internal electrodes 13 and 14. 
[0010] A plurality of first connection portions 20. which are electrically isolated from second internal electrodes 14. 
are provided to electrically connect the first internal electrodes 13 to both the first external terminal electrode 18 and to 
each other. 

45 [0011] A plurality of second connection portions 21, which are electrically isolated from first internal electrodes 13, 
are provided to electrically connect the second internal electrodes 1 4 to both the second external terminal electrode 19 
and each other. 

[001 2] Thus, the electrostatic capacities provided by the plurality of the capacitor units formed by the respective pairs 
of internal electrodes 13 and 14 arc coupled in parallel by the connection portions 20 and 21 and are combined at exter- 
50 nal terminal electrodes 18 and 19. respectively. 

[001 3] Conpared to the prior art capacitor of Fig. 7. the multilayer capacitor 1 1 shown in Fig. 8 reduces the equivalent 
series inductance (ESL) and is suitable for use in a high frequency band. 

[0014] In Fig. 1 0, the anows indicate the path and direction of typical currents 23 which flow in. for example, the first 
internal electrodes 1 3 of the multilayer capacitor 1 1 . In the state shown (the directions of the cun^ents alternate over time 
55 when an AC signal is applied to the capacitor), the currents 23 flow from the second internal electrodes 14 (not shown 
in Fig. 1 0) in a face-to-face relationship with the first internal electrodes 1 3 to the first internal electrodes 1 3 through the 
second connection portions 21 . Then, most of the currents flow to the nearest first connection portion 20 and further to 
the first external terminal electrode 18 through the first connection portion 20. 
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[001 5] When such a flow of the currents 23 is viewed with attention to the area around the connection portions 20 or 
21. since the currents 23 flow in various directions, components of magnetic flux produced by the currents 23 are 
advantageously canceled by each other to suppress the generation of net magnetic flux Further, since the lengths of 
the paths of the currents 23 flowing through the internal electrodes 13 or 14 are limited to the intervals between adja- 
5 cent connection portions 20 and 21 , the lengths of each of the current paths is relatively short and, therefore, the self- 
inductance conponents produced are reduced. 

[0016] However, the reduction of the ESL in the multilayer capacitor 1 1 is achieved only for components of magnetic 
flux induced by the currents 23 in the direction in which the internal electrodes 1 3 and 1 4 extend. Rg. 1 1 is an enlarged 
view of a part of the multilayer capacitor 1 1 shown in Fig. 8, in which currents 24 and 25 flowing respectively through 
TO the connection portions 20 and 21 of the multilayer capacitor 1 1 are indicated by the dashed arrows. 

[0017] Referring to Fig. 11, when currents flow, for example, from the second external terminal electrode 19 to the 
first external terminal electrode 1 8, upwardly directed currents 24, 25 flow through both the first connection portions 20 
and through the second connection portions 21 , respectively. 

[001 8] The currents 24 flowing through the first connection portion 20 and the currents 25 flowing through the second 
15 connection portion 21 produce respective components of magnetic flux 26 and 27. as shown in Fig. 12. The currents 

flowing through the respective connection portions 20 and 21 flow from the back side to the front side of the plane of 

Fig. 12 (i.e.. they flow out of the page). The direction of the resultant components of magnetic flux 26 and 27 oppose 

one another in the areas between the connection portions 20 and 21 , As a result, the magnetic flux is canceled between 

the connection portions 20 and 21 . 
20 [0019] The magnetic flux 28 that surrounds the components of magnetic flux 26 and 27, however, is not cancelled. 

Rather, the magnetic flux 28 tends to be greater than each individual magnetic flux 26. 27 and. therefore, increases the 

ESL 

[0020] As a result, the components of magnetic flux 26 and 27 produced by the currents 24 and 25 flowing through 
the connection portions 20 and 21 are not effectively canceled and increase the self-inductance of the capacitor 11. 
25 Thus, the ESL is not sufficiently reduced and high frequency performance is not sufficiently improved. 

SUMMARY OF THE INVENTION 

[0021 ] In order to solve the above-described technical problems, a multilayer capacitor according to the present inven- 
30 tion comprises a capacitor body; m pair of first and second generally planar internal electrodes located in said capacitor 
body, each said pair of internal electrodes being separated by a respective dielectric layer to define a respective capac- 
itive unit, m being a positive integer greater than or equal to one. The multilayer capacitor also comprises n first external 
electrodes located on a first surface of said capacitor body, n being an integer greater than or equal to 1 ; p second exter- 
nal electrodes located on said first surface of said capacitor body, p being an integer greater than or equal to 1 ; n first 
35 connection portions operable to electrically connect said first internal electrodes to each other and to a respective one 
of said first external electrodes, each of said first connection portions being electrically insulated from said second inter- 
nal electrodes; and p second connection portions operable to electrically connect said second internal electrodes to 
each other and to a respective one of said second eternal electrodes, each of said second connection portions being 
electrically insulated from said first internal electrodes. 
40 [0022] According to the invention, the first and second connection portions are arranged such that they are not more 
than about 2 mm from each other. Preferably, they are not positioned more than about 1 nun apart. In other words, the 
interval between the first and second connection portions is preferably as small as possible. 
[0023] Further, according to the invention, it is preferable that a plurality of first and second connection portions are 
provided. 

45 [0024] In the preferred embodiment of the invention described above, the plurality of first connection potions and the 
plurality of second connection portions are more preferably arranged such that the connection portions nearest to each 
of the first connection portion are second connection portions. 

[0025] More preferably, the plurality of first connection portions and the plurality of second connection portions are 
alternately arranged. 

50 [0026] Furtiier. the first and second internal electrodes are preferably disposed in a substantially square configuration 
and are rounded in the areas of tiie four corners of the square. Still further, each of tiie first and second connection por- 
tions preferably has a sul>stantially round configuration, and tfie roundness at tiie corners of the first and second inter- 
nal electrodes is provided as an arc which is substantially concentric witii the sectional configuration of the first or 
second connection portions which are nearest to tiie relevant corners. 
55 [0027] Moreover, according to the invention, the first and second external terminal electrodes are preferal)ly in a sub- 
stantially point-like configuration. 

[0028] In a prefen-ed embodiment of ttie invention, a plurality of first and second internal electrodes are provided such 
that they are alternately arranged in the stacking direction of the dielectric material layers; ttie first connection portion 
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further ext nds through th second int rnal electrodes to electrically connect the plurality of first internal el ctrodes to 
each other; and the second connection portion further extends through the first internal electrodes to electrically con- 
nect the plurality of second internal electrodes to each other. 

5 BRIEF DESCRIPTION OF THE DRAWINGS 

[0029] For the purpose of illustrating the invention, there is shown in the drawing a form which is presently prefen'ed, 
it being understood, however, that the invention is not limited to the precise arrangement and instrumentality shown. 

10 Fig. 1 is a perspective view of a multilayer capacitor 31 according to a first en^bodiment of the invention. 
Fig. 2 is a schematic cross section of the capacitor 31 taken along lines 2-2 of Fig. 1 . 
Fig. 2A is a more detailed view of dashed area 2A of Fig. 2. 

Fig. 3 is a schematic cross sectional view of the multilayer capacitor 31 shown In Fig. 1 taken along lines 3-3 of Fig. 
1 which shows a first internal electrode 33. 
IS Fig. 4 is a aoss sectional view of the multilayer capacitor 31 shown in Fig. 1 taken along lines 4-4 of Fig. 1 which 
shows a second internal electrode 34. 

Fig. 5 is a schematic view of the multilayer capacitor 31 shown in Fig. 1 which illustrates currents 44 and 45 flowing 
through first and second connection portions 40 and 41 thereof, respectively. 

Fig. 6 is a schematic view illustrating components of magnetic flux 46 and 47 induced by the currents flowing 
20 through the first and second connection portions 40 and 41 shown in Rg. 5, respectively. 

Fig. 7 is a front schematic view of a conventional multilayer capacitor 1 which shows an internal structure thereof 
in the form of a vertical section. 

Fig. 8 is a front schematic view of another conventional multilayer capacitor 1 1 which shows an internal structure 
thereof in the form of a vertical section. 
25 Fig. 9 is a schematic view illustrating currents 22 flowing through internal electrodes 3 of the multilayer capacitor 1 
taken along lines 9-9 of Fig. 7. 

Fig. 10 is a partial aoss sectional view illustrating cun-ents 23 flowing through internal electrodes 13 of the multi- 
layer capacitor 1 1 shown in Fig. 8. 

Fig. 11 is a schematic view of the multilayer capacitor 1 1 shown in Fig. 8 illustrating currents 24 and 25 flowing 
30 through first and second connection portions 20 and 21 . respectively. 

Fig. 12 is a schematic view illustrating components of magnetic flux 26 and 27 induced by the currents flowing 
through the first and second connection portions 20 and 21 shown in Rg. 1 1 , respectively. 

DETAILED DESCRIPTION Q FTHE PREFERRED EMBODIMENT 

35 

[0030] Refen-ing now to the drawings wherein like numerals indicate like elements, there is shown in Rgs. 1 through 
4 a multilayer capacitor constructed in accordance with the principles of the present invention and designated generally 
as 31. 

[0031] The multilayer capacitor 31 includes a capacitor main body 35 having a plurality of dielectric material Iayers32 
40 (Figs. 2, 2A) preferably made of a ceramic dielectric material and a plurality of pairs of opposed first and second internal 
electrodes 33 and 34, each such pair of opposing internal electrodes having a dielectric material layer 32 interposed 
therebetween, so as to form a plurality of capacitor units. 

[0032] The capacitor main body 35 may be manufactured, for exanrple, by forming internal electrodes 33 and 34 on 
a plurality of ceramic green sheets, stacking them one on top of the other, and then pressing and cutting the ceramic 
45 green sheets to obtain raw chips each having a size corresponding to one capacitor main body 35 and then baking 
them. 

[0033] Like the multilayer capacitor of Fig. 8, the multilayer capacitor 31 electrically couples the first and second inter- 
nal electrodes using a plurality of connection portions 40, 41 . Unlike the multilayer capadtor of Fig. 8, the external elec- 
trodes 38, 39 coupled to connection portions 40. 41, respectively, are formed on the same outer surface 37 of the 

50 capacitor body 35 to ensure counter currerrt flow in connection portions 40, 41 and thereby to reduce the ESL. 

[0034] As best shown in Figs. 2 and 2A (where Fig. 2A is a detailed cross-sectional view of the schematic cross-sec- 
tion of multilayer capacitor 31 shown in Fig. 2). the first connection portions 40 extend through the dielectric layers 32 
and are electrically coupled to each of the first internal electrodes 33. As best shown in Figs. 2A and 3, first connection 
portions 40 pass through openings 43 in the second internal electrodes 34 and are electrically insulated tiierefrom. 

55 [0035] In a similar manner, second connection portions 41 extend through tiie dielectric layers 32 and are electrically 
coupled to each of tiie second internal electrodes 34. As best shown in Rgs. 2A and 4, second connection portions 41 
pass tiirough openings 42 in the first internal electrodes 34 and are electrically insulated therefrom. 
[0036] The connection portions 40 and 41 may be formed, for example, by forming holes in the ceramic green sheets 
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befor they are laminated togeth r and filling th holes with conductive paste before th y are stacked one on top of the 
other. 

[0037] In the present embodiment, currents flow through internal electrodes 33 and 34 In substantially the same man- 
ner as the prior art of Fig. 8 (i.e.. as shown in Fig. 10). Since the currents flow in various directions in the region around 
5 each of the connection portions 40 and 41 , components of magnetic flux produced by the currents are advantageously 
canceled and the generation of a net magnetic flux Is suppressed. Further, since the lengths of the paths of the currents 
flowing through the internal electrodes 33 and 34 are limited to the intervals between adjacent connection portions 40 
and 41, each of the current lengths are relatively short and, therefore, the self-inductance components produced at 
such intervals is reduced. 

10 [0038] Further, as best shown in Figs. 3 and 4. the first and second internal electrodes 33 and 34 of the present 
embodiment have a substantially rectangular configuration. In tiie preferred embodiment, the regions of the four cor- 
ners of tiie rectangle are rounded with an arc which is substantially concentric with tiie center of the first or second con- 
nection portions 40 and 41 which are nearest to tine relevant corner. TTius. the distance between the edge at each of 
the corners of the first and second internal electrodes 33 and 34 and the first or second connection portion 40 or 41 

15 nearest to tiie corner is smaller than when the corners are not rounded. This also results in a reduction of tiie current 
length and contributes to a reduction in tfie ESL 

[0039] Where it is not necessary to minimize the inductance, the electrodes may be replaced with internal electrodes 
33a and 34a whose corners are not rounded as indicated by the imaginary lines in Figs. 3 and 4. 
[0040] Fig. 5 is an enlarged schematic view of a part of the multilayer capacitor 31 shown in Fig. 2. It is a view con^e- 
20 spending to Fig. 1 1 in which the dashed arrows Indicate currents 44 and 45 flowing through the connection portions 40 
and 41 of the multilayer capacitor 31, respectively. 

[0041 ] When a cun-ent flows, for example, from the first external terminal electrode 38 to the second external terminal 
electrode 39, upward cun^ents 44 flow through tiie first connection portions 40 while downward currents 45 flow through 
the second connection portions 41. That is, the currents 44 flowing tiirough tiie first connection portions 40 flow in the 

25 opposite direction with respect to tiie currents 45 flowing through the second connection portions 41 . 

[0042] As a result, the respective currents 44 and 45 flowing through the first and second connection portions 40 and 
41 (Fig. 6) produce respective components of magnetic flux 46 and 47 which are in opposite directions. In Fig. 6, the 
currents 44 flowing through the first connection portions 40 flows from the back side to the front side of tiie plane of the 
paper, and the currents 45 flowing through the second connection portions 41 flow from the front side to tiie back side 

30 of tiie plane of the paper. 

[0043] Therefore, the components of magnetic flux 46 and 47 are effectively canceled by each other outside the con- 
nection portions 40 and 41. The components of magnetic flux 46 and 47 extend in the same direction in the areas 
between the connection portions 40 and 41 and, therefore, overlap with each other in these limited areas. However, 
since tiiese areas are relatively small, they have only a limited nnagnetic flux density with the result that the components 

35 of magnetic flux 46 and 47 are effectively canceled by each other when viewed as a whole. 

[0044] In order to improve the degree of tiie cancellation between the components of magnetic flux 46 and 47 
desaibed above, it Is preferable tiiat the intervals (or distances) between the first and second connection portions 40 
and 41 be small, preferably about 2 mm or less. Even better results are achieved if the intervals are about 1 mm or less. 
[0045] Thus, the present embodiment makes it possible to effectively cancel the components of magnetic flux induced 

40 by the currents which f tow through internal electrodes 3 3and 34 a nd those which flow through connection portions 40 
and 41. Therefore, it is possible to suppress the ESL of the multilayer capacitor 31 to a higher degree than is possitDle 
in the conventional multilayer capacitor 1 1 shown in Fig. 8. 

[0046] Samples of the multilayer capacitor 31 according to tiie present embodiment ("present embodiment"), the con- 
ventional multilayer capacitor 1 shown in Fig. 7 ("comparative example 1") and the conventionahrnMIayer capacitor 1 1 

45 shown in Fig, 8 ("comparative example 2") were fabricated and their ESLs were evaluated. 

[0047] In each of the samples , the outer dimensions of tiie inter nal ^lArtrndftg warn aim X 5 mm and a total of forty 
(40^ internal electrodes were stadc^d 6rt6 on top of the other. In the present embodiment and tiie comparative example 
2, the first and second connection portions were provided so as to form five rows and five columns totalling twenty-five 
(25) connection portions. The intervals between each of the f irst and second connection porti ons (the center lateral dis- 

50 tance between each pair of adjacent connection portions) was 1 mm. 

[0048] The ESL of each sample was obtained using the resonance metiiod. The resonance metiiod is a method 
wherein ttie impedance frequency characteristics of each sample multilayer capacitor is measured and the ESL is 
obtained by measuring a frequency fo at a minimum resonance point (referred to as tiie series resonance point of tiie 
capacitance component 

55 
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ESL of the capacitor). The following equation is then used to calcutat the ESL: 

ESL = l/((2irfo)* X C,] 

The measured value of ESL of each of the sanrples is shown in Table 1 below. 



Table 1 





ESL Value (pH) 


Present Embodiment 


26 


Comparative Example 1 


590 


Comparative Example 2 


73 



[0050] It is apparent from Table 1 that the ESL was reduced more effectively with the structure of the present embod- 
iment than with the structure of either of the comparative examples 1 or 2. While rt is apparent that the components of 

20 magnetic flux induced by currents flowing through the internal electrodes of the comparative example 2 was canceled 
more efficiently than in the comparative exanple 1 , it will be understood that it had a high self-inductance compared to 
the present embodiment. This is because the currents in conrparative example 2 flow through the first and second con- 
nection portions in tiie same direction. Conversely, the cun^ents in the present embodiment flow through the first and 
second connection portions in opposite directions. 

25 [0051 ] To determine the best arrangement of the connection portions 40, 41 of tiie present invention, additional tests 
were conducted. In each of the test sanrples, a multilayer capacitor 31 was fabricated with tiie same number of stacked 
layers using tiie same metiiod of fabrication. Four samples 1 through 4 were fabricated in which the arrangement of tiie 
connection portions 40 and 41 was changed, i.e., the numbers of the rows and columns and the intervals (spacing) of 
the connection portions 40 and 41 were changed as shown in Table 2 (below). In each of these samples, the interval 

30 between the outermost connection portions and the peripheral edges of the inner electrodes was fixed at 0.5 mm in 
order to eliminate, to the degree possible, the effect of any variation of this interval. 

[0052] For tiie samples 1 , 3 and 4. the outer dimensions of each internal electrode were fixed, e.g., at 5 mm X 5 mm 
and tiie interval of the connection portions was varied as shown in Table 2. The sample 1 corresponds to the embodi- 
ment shown in Rgs. 1-4. For tiie sample 2, the outer dimensions of each internal electrode were made smaller than 
35 those of sample 1 (i.e.. 4 mm X 4 mm), and the number of the connection portions was set at "2 X 2" such that an inter- 
val of 3 mm was obtained as shown in Table 2. 

[0053] Table 2 shows an ESL value measured for each of tiie above-described samples using the resonance method. 



Table 2 





Row X Column 


Inten^l (mm) 


ESL Value (pH) 


Sample 1 


2X2 


4 


360 


Sample 2 


2X2 


3 


340 


Sample 3 


3X3 


2 


58 


Sample 4 


5X5 


1 


26 



50 [0054] As apparent from Table 2. changes in the arrangement of tiie connection portions, especially changes in tiie 
interval therebetween, cause changes in tiie path lengths of the cun'ents ftowing through tiie internal electrodes and, 
therefore, the strengtii of the components of magnetic flux induced thereby is likewise altered. This accounts for the dif- 
ferences between the measured ESL values for the samples. While an interval between the connection portions of 3 
mm or more (as in samples 1 and 2) provides a less significant reduction in ESL, an interval of 2 mm or less (as in sam- 

55 pies 3 and 4) results in a significant reduction of the ESL value due to tiie cancellation of the components of magnetic 
flux. The result is even more favorable when the interval is 1 mm or less, as in sample 4. 

[0055] While the present invention has been described by way of example with reference to tiie illustrated embodi- 
ment, it is possible to change: the number of tiie internal electrodes, tiie number and positions of the connection por- 
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tions, and the number and positions of th xternai terminal electrodes and still remain witiiin the scope of tiie invention. 
Further, the type of the dielectric material used for the dielectric layers and the type of the conductive material used for 
the internal electrodes and external terminal electrodes may be changed as appropriate. 

[0056] As described above, a multilayer capacitor according to the present invention comprises a capacitor main body 
5 including a plurality of dielectric material layers which are stacked one on top of the other and at least a pair of first and 
second internal electrodes which are in a face-to-face relationship with each other with dielectric material layers inter- 
posed therebetween. First and second external terminal electrodes are formed on one principal surface of the capacitor 
main body extending parallel to the plane of the internal electrodes. A first connection portion penetrates through the 
dielectric material layers such that it electrically connects the first internal electrodes and the first external terminal eiec- 
10 trode while being electrically isolated from the second internal electrodes. A second connection portion is disposed 
adjacent to the first connection portion and penetrates through the dielectric material layers such that it electrically con- 
nects the second internal electrodes and the second external terminal electrode while being electrically isolated from 
the first internal electrodes. 

[0057] As a result, by directing tiie currents in each of the internal electrodes in various directions around the connec- 
ts tion portions, components of magnetic flux can be effectively canceled and the lengths that the currents must flow can 
be shortened to suppress the ESL. In addition, since both of tiie first and second external terminal electrodes are 
formed on the same principal surface of tiie capacitor main body, the currents flowing through tiie first connection por- 
tions flow in a direction opposite to those that flow through the adjacent second connection portions. This makes it pos- 
sible to effectively cancel the components of magnetic flux induced by the currents flowing tiirough tiie connection 
20 portions, and to further reduce the ESL. 

[0058] As a result, a high resonance frequency can be achieved, and the capacitor can be used in a high frequency 
circuit. Accordingly, a multilayer capacitor according to tiie invention can be used in electronic circuits operating at 
higher frequencies and can be advantageously used as a bypass capacitor or decoupling capacitor in a high frequency 
circuit Because of the low ESL, tiie invention will function as a quick power supply supplying power from electricity 
25 Stored in the capacitor when tiiere is a sudden need for power, for example, during power-up. As such, the invention 
can be used as a decoupling capacitor in a CPU (microprocessing unit). 

[0059] According to the invention, the degree to which magnetic flux is cancelled in the capacitor is significantiy 
improved when tiie interval between tiie first and second connection portions is 2 mm or less. The degree of the mag- 
netic flux cancellation is further improved as the interval is reduced to 1 mm or less which allows the ESL value to be 

30 reduced to 30 pH or less. 

[0060] For high speed CPU's, operation in excess of 1 GHz are being studied. There is a need for decoupling capac- 
itors having an ESL value of 30 pH or less which has been unachievable in the prior art for use in the vicinity of such 
processor units. A multilayer capacitor according to the invention can sufficiently satisfy such a need because its ESL 
can be reduced to 30 pH or less. 

35 [0061 ] According to the invention, when plurality of first and second connection portions are provided, it is possible to 
more easily direct the currents in each internal electrode in various directions around the connection portions con- 
nected thereto and to shorten the lengths of tiie current patiis. 

[0062] When the connection portions are arranged such tfiat each first connection portion is located closest to a cor- 
responding second connection portion, the magnetic flux components induced by tiie currents flowing tiirough the con- 

40 nection portions can be canceled more effectively When the plurality of first and second connection portions are 
arranged alternately, the mosX effective cancellation of magnetic flux components can be achieved. 
[0063] When the shape of the internal electrodes are substantially square with rounded corners, the distance between 
the comer edge of the internal electrodes and tiie connection portion located closest to the corner edge can be mini- 
mized versus when the corner is not rounded. This functions to further reduce the lengths of the current patiis and, 

45 therefore, confribute further to the reduction of the ESL 

[0064] This effect can be furttier enhanced by forming each of the first and second connection portions witii a sub- 
stantially circular cross-section and by forming the rounded corners of the internal electi'odes in an arc which is sub- 
stantially concentric with the circular cross-section of the connection portion nearest to the corner. 
[0065] Furthermore, when the first and second external terminal electrodes of the invention are bump-like in shape, 

50 a bump connection can be advantageously used to mount tiie multilayer capacitor to a circuit board. There is a trend 
toward tiie use of such bump connections in semiconductor chips (such as CPUs, Ilip chips" or the like), which chips 
have higher operational frequencies. The configuration of the external terminal electi'odes as described above is con- 
sistent witii this trend. Such bump connection allows mounting with a high density and makes it possible to suppress 
the generation of inductance components at tiie connections. 

55 [0066] In addition, while a plurality of first and second internal electi'odes are alternately arranged in tiie stacking 
direction of tiie dielecti'ic material layers in order to increase tiie elertrostatic capacity provided, tiie above-described 
effects can be achieved in a multilayer capacitor having such an increased capacity by forming tiie first connection por- 
tions such tiiat they do not electrically connect the second internal electrodes but electi'ically connect the plurality of first 




7 



EP 0 917 165 A2 



internal electrodes to each other and by forming the second connection portions such that they do not electrically con- 
nect the first internal electrodes but electrically connect the plurality of second internal electrodes to each other. 
[0067] It should be understood that the foregoing description is only Illustrative of the invention. Various alternatives 
and modifications can be devised by those skilled in the art without departing from the invention. Accordingly, the 
present invention is intended to embrace all such alternatives, modifications and variances which fall within th scope 
of the appended claims. 

Claims 

1. A capacitor (31), comprising: 

a capacitor body (35); 

m pairs of first and second generally planar internal electrodes (33. 34) located in said capacitor body (35). 
each said pair of internal electrodes (33, 34) being separated by a respective dielectric layer (32) to define a 
respective capacitive unit, m being a positive integer greater than or equal to one; 

n first external electrodes (38) located on a first surface (37) of said capacitor body (35). n being an integer 
greater than or equal to 1 ; 

p second external electrodes (39) located on said first surface (37) of said capacitor body (35), p being an inte- 
ger greater than or equal to 1 : 

n first connection portions (40) operable to electrically connect said first internal electrodes (33) to each other 
and to a respective one of said first external electrodes (38). each of said first connection portions (40) being 
electrically insulated from said second Internal electrodes (34); 

p second connection portions (41) operable to electrically connect said second internal electrodes (34) to each 
other and to a respective one of said second external electrodes (39). each of said second connection portions 
(41) being electrically insulated from said first internal electrodes (33). 

2. The capacitor of claim 1 , wherein said first and second connection portions (40, 41 ) are an-anged such that when 
an alternating cun-ent is applied to said first and second external electrodes (38. 39), components of flux (46, 47) 
oreated by currents (44, 45) flowing in said first and second connection portions (40, 41) oppose one another. 

3. The capacitor (31) of claim 1 , wherein said connection portions (40. 41) extend parallel to one another. 

4. The capacitor (31) of claim 3, wherein said connection portions (40, 41) are arranged such that a lateral spacing 
between adjacent ones of said connection portions (40, 41) is about 2 mm or less. 

5. The capacitor (31) of claim 4, wherein said lateral spacing between adjacent ones of said connection portions (40, 
41) is about 1 mm or less. 

6. A capacitor (31 ), comprising: 

a capacitor body (35); 

m pairs of first and second generally planar internal electrodes (33, 34) located in said capacitor body (35), 
each said pair of internal electrodes (33, 34) being separated by a respective dielectric layer (32) to define a 
respective capacitive unit, m being a positive integer greater than or equal to one; 

n first external electrodes (38), n being an integer greater than or equal to 1 ; 

p second external lectrodes (39). p being an integer gr ater than or equal to 1 ; 

n first connection portions (40) each electrically connecting said first internal electrodes (33) to each other and 
to a respective one of said first external electrodes (38), said first connection portions (40) being electrically 
insulated from said second internal electrodes (34); 
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p second connection portions (41) each electrically connecting said second internal electrodes (34) to each 
other and to a respective one of said second external electrodes (39), said second connection portions (41) 
being electrically insulated from said first Internal electrodes (33); 

each of said connection portions (40, 41) extending parallel to the other of said connection portions (40. 41), 
the spacing between each of said connection portions (40. 41) as measured along a direction perpendicular to 
the direction in which said connection portions (40, 41) extend is about 2 mm or less. 

7. The capacitor (31 ) of claim 6. wherein said spacing is about 1 mm or less. 

8. The capacitor (31) of daim 6, wherein said first and second connection portions (40. 41) and said external elec- 
trodes (38, 39) are arranged such that components of flux (46, 47) created by currents (44, 45) flowing in said first 
and second connection portions (40. 41) oppose one another when an alternating current is applied to said first and 
second external electrodes (38, 39). 

9. The capacitor (31) of claim 1 or 6, wherein n and p are positive integers greater tiian 1 and said first and second 
connection portions (40, 41) are arranged such that each of said first connection portions (40) is located adjacent 
at least one of said second connection portions (41) and current (44, 45) flows through said first and second con- 
nection portions (40, 41 ) in opposite directions when an alternating current is applied to said first and second exter- 
nal electrodes (38. 39). 

10. The capacitor (31) of daim 1 or 6, wherein said capacitor body (35) has a generally parallelepiped shape. 

11. The capacitor (31) of daim 3 or 6, wherein each of said first connection portions (40) is located adjacent at least 
one of said second connection portions (41). 

12. The capacitor (31) of daim 11. wherein each of said first connection portions (40) is located laterally closer to 
respective ones of said second connection portions (41) than they are to any remaining said first connection por- 
tions (40). 

13. The capadtor (31) of daim 3 or 6. wherein each of said connection portions (40, 41) extend in a direction perpen- 
dicular to said generally planar first and second internal electrodes (33. 34). 

14. The capacitor (31) of claim 1 or 6, wherein each of said first and second internal electrodes (33, 34) have rounded 
corners. 

15. The capacitor (31) of daim 1 or 6, wherein each of said first and second internal electrodes (33, 34) is generally 
rectangular in shape and has four corners, each of said corners being rounded. 

16. The capacitor (31) of claim 15. wherein each of said rounded corners has a respective first or second connection 
portion (40, 41) located adjacent thereto. 

17. The capacitor (31) of claim 16, wherein a portion of each connection portion (40. 41) which Is located adjacent one 
of said rounded corners indudes a round cross section having a center which is substantially concentric witii a 
radius of the adjacent rounded corner. 

18. The capacitor (31) of claim 1 or 6. wherein said first connection portions (40) pass through respective holes (43) 
formed in said second internal electi-odes (34) and said second connection portions (41) pass tiirough respective 
holes (42) formed in said first Internal electrodes (33). 

19. The capacitor (31) of claim 1 8, wherein dielectric material is located between portions of said first and second con- 
nection portions (40, 41) which pass ttirough said holes (42. 43) in said second internal electrodes (34) and said 
first internal electrodes (33), respectively 

20. The capacitor (31) of daim 1 or 6, wherein m, n and p are all positive integers greater than 1 . 

21 . The capadtor (31) of daim 1 or 6. wherein each of said external electrodes (38, 39) has button-like shape. 
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